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At the level of light microscopy, Branchiostoma lanceo-

latum may he the best studied species of the Cephalochor-
data the probable sister taxon of the emulates (1, 2, 3,

4). The blood vascular system of adult lancelets was stud-

ied by Ra'hr (5), and the detailed anatomical similarities

of the major vessels prompted him to propose their homol-

ogy with the vascular anatomy of emulates. He also

showed that, in contrast to those of the emulates, most

of the vessels in B. lanceolatum are not lined bv an endo-

thelium (6). In addition, there are rarely an\ hemocvtes

in the blood of cephalochordates. Nevertheless, certain

parts of the circulatory system endostylar artery, bul-

billi, glomus. hepatic portal vein, hepatic rein, sinus veno-

sus, stibintestinal vein, and others are reported to be

contractile. Ruppert (7) proposed that the myoepithelial

lining of adjacent coelomic cavities may provide the driv-

ing force for such contractions. On the basis of an exten-

sive study by transmission electron microscopy as well

as light microscopical observations of living lan-ae, I

propose that Ruppert 's hypothesis also holds true for lar-

val stages. Moreover, the obsen'ations reported here sug-

gest that the coelomic canal system is the functional circu-

latory system at a stage when the blood vessels are rudi-

mentary.

When amphioxus larvae begin to feed in the plankton

(8), the extracellular matrices (ecm) of certain areas of

the body are widely expanded (Fig. 1A; methods: (20)).

This is particularly evident in those areas where, in adult

specimens, major blood vessels will be situated. Fully

developed blood vessels in adults are typically enlarged,

fluid-rilled spaces within the extracellular matrix (6). In

Received 16 July 1998; accepted 5 October 1998.

E-mail: thomas.stach@uni-tuehingen.de

one observation, a rudimentary blood vessel could be

demonstrated by electron microscopy in the expanded
ecm space below the notochord of a larva with one pri-

mary gill slit (Fig. IB). This vessel, which corresponds

to the left anterior aorta (9) in the juvenile, is associated

with Hatschek's nephridium, the first excretory organ to

appear in the ontogeny of amphioxus. Indeed, the func-

tioning of the nephridium may depend upon the presence

of this blood vessel (10).

In living larval stages, the first observable, contractile,

longitudinal vessel-like structure is situated in the ventral

midline behind the first primary gill slit (labeled vc in

Figs. 1C and 2 A). This ventral structure was termed

"Blutgefass" (11), "blood vessel" (12). "artere" (13).

or "longitudinal vessel which will become the endostylar

and sub-intestinal vessels of the adult" (14). Peristaltic-

waves of contraction pass, within about 3 seconds, from

the posterior end of the vessel, rostrally over its entire

length of about 400 /vm (Fig. 2A). Single waves are sepa-

rated from each other by a period of about 5-6 seconds.

Light microscopy reveals small particles (about 0.5-

1 /jin) floating rostrally in the lumen of this vessel-like

structure (Fig. 2B).

Transmission electron micrographs of larvae demon-

strate (Fig. 1A) that the ventral coelom, a longitudinally

extensive cavity, is situated immediately below the anlage

of the sub-intestinal vessel (lower ecm; structure labeled

vc in Fig. 1 A; see also Fig. 1C). The location of the sub-

intestinal vessel in adult lancelets is in an enlarged area

of extracellular matrix of the dense connective tissue type

in Ra'hr's nomenclature (6). This ecm-area is composed
of a coarse granulated material; whereas the anlage of the

left anterior aorta contains a fine granular substance (Fig.

IB) that, in electron micrographs, resembles the blood of
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ecm

Figure 1. (A & B) Transmission electron micrographs of a larva of Branchiostoma lanceolatum [1 10 h

post fertilization. 18C; methods: (20)]. (A) Cross section of the trunk region. Structures labeled ecm are

situated in areas where major blood vessels are situated in adults. (B) Hatschek's nephridium. Cyrtopodo-

cytes on the enlarged ecm where the rudiment of the left anterior aorta is formed. (C) Diagrammatic dorsal

view of coelomic cavities, a, anus; ao, anlage of the left anterior aorta; cy, cyrtopodocytic cell; ecm,

extracellular matrix; ep, epidermis; HN. Hatschek's nephridium; mo, mouth opening; MC, myocoel; nc,

notochord; nt, neural tube; PP. preoral pit; RC, rostral coelom; VC, ventral coelom; Igs, first primary gill

slit.

adults (6). Thus, the anlage of the sub-intestinal blood

vessel may not contain blood fluid in this early stage. The

lumen of the coelomic cavity below the anlage of the

sub-intestinal blood vessel appears empty in TEM (Fig.

1A). The ventral coelom is lined by a sheet of very narrow

epithelial cells interspersed with myothelial cells and

cells extremely rich in rough endoplasmic reticulum

(Fig. 2C, D).

The transmission electron micrographs suggest that the

contractile vessel-like structure in the ventral midline of

larval cephalochordates is not the sub-intestinal blood

vessel, but rather the ventral coelom. The occurrence of

peristaltic contractions in living specimens indicates that

this system is functional in early larval stages. This preco-

cious coelomic circulatory system could fulfill several

(until now speculative) functions (see also Table I). The

observation of microscopic particles in the lumen of the

ventral coelom (Fig. 2B) suggests a role in the distribution

of nutrients. This possibility is strengthened by the obser-

vation that the coelomic vessel becomes functional when

the yolk reserves of nearly all cells are depleted (pers.

obs.), and the animals begin to feed actively. Alterna-

tively, since certain free coelomic cells take part in the

immunological response of adult cephalochordates (15),

such a function could also be hypothesized for the micro-

scopic particles observed. Regarding the developmental

stage, we might further speculate that the cells of the

coelothelium, equipped with extensive rough endoplas-

mic reticulum (Fig. 2C), could be producing growth fac-

tors. In any event, the interpretation of the contractile

vessel-like structure of larval amphioxus as a blood vessel

(I 1. 12, 13, 14) has certainly to be revised. The contractile

longitudinal vessel in these stages is a ventral coelomic

canal.



262 T. STACH

Table I

Relevant anatomical features ami suggested functions of the coelomic system tnul the hlooil vascular system of cephalochordates; note: no

correlation between anatomical features antl functions in the sume line intctitlcJ

Coelom* Blood vascular system

Anatomical features Functions Anatomical features Functions!

Adult Epithelial lining (with intercellular

junctions) present ( 16)

Smooth myoepithelial cells present

(Id)

Free coelomocytes in perivisceral

coelom regular (15, 16)

Excretory cells (cyrtopodocytes) in

ncphridia (<.#., 7, 9, 1(1)

Excretion (e.g.. 7, 9, 10)

Propulsion of blood (6, 7)

Expulsion of gametes (16)

Phagocytosis (15)

Storage of nutrients (16, 17)

Lubrication (16)

Hydrostatic skeleton (18)

Part of the blastocoelic space,

vessels usually delimited by

connective tissue (mostly

basement membranes) only: no

endothelial lining present (6, 7)

Ameboid hemocytes rarely present

(e.K.. 6. 7, 15)

No blood or respiratory pigments

present (7)

Endocytosis (I
1

))

Ultrarlltration (e.g.. 7)

? Nutrient transport

? No respiratory function!

Larva Epithelial lining (with intercellular

junctions) present (9, 10)

Excretory cells (cyrtopodocytes) in

Hatschek's nephridium (9, 10)

Smooth myoepithelial cells presents

Excretion (9. 10)

Distribution of nutrients*

? Secretory functions

? Distribution of secretory

products#

Only left anterior aorta

distinguishable ( 10, #)

Part of the blastocoelic space,

delimited hy dense connective

tissue not by basement membrane

do, #r~

Ullratiltration (9, 10)

* Not considering the segmental myocoels, the medial walls of which are specialized as the locomotory trunk muscles.

t Physiology and function of the circulatory system of cephalochordates have hardly been investigated, but the lack of respiratory pigment is

generally assumed to indicate that this system does not play a crucial role in oxygen supply.

# Present study.

'.' Hypothetical function, not fully substantiated.
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Figure 2. (A) Light microscopic aspect of a peristaltic wave passing along the ventral coelom. Anterior

is to the right. About 1.2 s elapsed between first and third frame. Arrowheads, area of contraction (compare

to other frames). (B) Higher light microscopical magnification of the ventral coelomic canal. Anterior to

the right. Note the paniculate matter within the ventral coelom (arrowhead). Direction of movement of the

particle was anteriad. (C & D) Transmission electron micrographs of mesodermal cells of a larva (1 10 h

post fertilization, 18C). (C) Mesothelial cell bearing myotilameiits. (D) Cell with extensive profiles of rough

endoplasmic reticulurn around the nucleus. Such cells may be of secretory function, ci, cilia; ecm, extracellular

matrix; ep, ventral epidermis: in, intestine; mf, myofilaments; nc, notochord; nt, neural tube; nu, nucleus;

rer, rough endoplasmic reticulurn; VC. ventral coelom; Ips, first pigment spot.
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